dioxide fixation involves the utilization of the energy of phosphorylation. (3) If sulfur is oxidized without carbon dioxide, the energy resulting from this oxidation need not be utilized immediately for carbon dioxide fixation but may be held in the cell for an interval and at some later time may be used for the fixation of carbon dioxide.
These conclusions were based upon a study of phosphate exchange and manometric determinations of carbon dioxide fixation. The validity of these conclusions has now been questioned by Baalsrud and Baalsrud (1952) who were unable to find significant phosphate exchange related to sulfur oxidation and carbon dioxide fixation and found no ability to fix carbon dioxide except in the presence of simultaneous oxidation of thiosulfate.
These somewhat contradictory results were surprising to us since we had assumed that the phenomena earlier reported were strictly reproducible, that they extended to other strains of autotrophic bacteria, and that the conditions of growth of the culture and those of the metabolic measurements, while they might cause variations in phosphate exchange, etc., would still influence the results in a quantitative more than in a qualitative manner. At this juncture at least two possibilities needed consideration. The first was that we had been entirely misled in the earlier work and that the conclusions we had reached were not valid for even the organism and the conditions studied. The second was that the phenomenon was more restricted than supposed and that it related to cells grown on sulfur, supplied only sulfur as an energy source, and did not apply to the conditions used by Baalsrud and Baalsrud (1952) who not only employed different strains, but used thiosulfate exclusively. One might assume that sulfur and thiosulfate were equivalent, but in our earlier work we had not been able to make much progress in using thiosulfate, and while we had assumed that the same phenomena occurred, this assumption might not be true. While we were not in a good position to undertake an extensive study of the many aspects of this problem, we were able to do some limited experiments bearing on the first possibility. The results of these experiments tend to support the presumption that at least a portion of the earlier conclusions is valid for the organism and conditions employed.
MATERIALS AND METHODS
It was admitted in an earlier paper (Vogler and Umbreit, 1941) to be established. At zero time a 10 ml aliquot was removed and analyzed. At the same time another 10 ml aliquot was placed in C00-free air and gently shaken for 6 hours at 28 C, after which time it was analyzed. The data obtained are given in table 1. A word must be said about the analyses listed in table 1. It was found that the aliquot taken at zero time contained 0.681 mg N (per 10 ml). The organic phosphorus and counts therefore actually found in the fractions are those listed in the table times 0.681. The aliquot taken at 6 hours proved to contain 0.774 mg N per 10 ml, and the same relationship holds. This introduces a difficulty in the summation of the total counts. A 0.5 ml aliquot of the suspending medium proved to contain 18,300 counts, which was to be used as the starting value of the number of counts taken for fractionation (366,000 per 10 ml). Since we do not know precisely the exact nitrogen content of the original aliquot, we have used an average of 0.681 and 0.774 (= 0.727) and thus calculate that we started with 503,000 counts per mg of cell nitrogen. We have calculated the recovery of radioactivity accordingly. This is in- phate inside of cell chloracetic acid. Total phosphorus was not obtained on these fractions since some unknown material was present which interfered with the total phosphorus determinations. This experiment certainly does not contradict the conclusion that the energy derived from sulfur oxidation is converted into energy of phosphorylation and, indeed, seems to offer considerable support for it. From the data of this experiment we therefore conclude that during the oxidation of sulfur (in the absence of C02) this organism generates labile phosphorus (presumably adenosine triphosphate and that this phosphorus is derived primarily from inorganic phosphate inside the cell. No experiments were done in which CO2 was present during sulfur oxidation in which phosphate) changes also were measured so that the experiment presented does not bear upon whether the changes found would occur also if C02 were present. It does show, however, that during sulfur oxidation under the conditions specified there are changes in the phosphate distribution.
Experiment 2 was done as follows. Fifty ml of a suspension of T. thioozidans containing 52 ,g of bacterial nitrogen per ml were incubated in the presence of sulfur in C02free air for several hours. A 15 ml aliquot was removed and analyzed. A second 15 ml aliquot of the suspension was placed in N2, after which C02 was supplied, and incubated in the presence of C02 for one hour, after which it was analyzed. A third 15 ml aliquot was placed in nitrogen, in the absence of C02, and incubated for 6 hours, at which time it was analyzed. The data obtained are given in identical to that applied to the flask contents).2 Total gas uptake was measured, and at intervals flasks were removed, the organisms killed with phenol, the remaining gaseous C02 absorbed in KOH, and the entire contents of the flask placed on a planchet, dried, and the radioactivity measured. The data, given in figure 1, have been calculated to one mg bacterial nitrogen and the radioactive counts found in the dried cells converted to ,uL C02 for convenience. The total gas uptake has been corrected for C02 uptake and plotted as oxygen uptake. The basic purpose of this experiment is not to demonstrate C02 fixation under these conditions, which is not the point at issue, but to demonstrate that the 2 By this we mean that the same suspension, with phenol, was placed on a counting planchet, evaporated to dryness in the presence of acid, made alkaline with KOH; and then only was the radioactive C02 added, mixed with the suspension and the whole redried. Upon treatment of the dried planchet with acid, and redrying, all of the radioactivity was lost. Baalsrud and Baalsrud (1952) vary from 20 to 3.6. We therefore conclude that the method is reliable, that under resting cell conditions the oxidation of sulfur permits the fixation of C02, that the amount fixed is proportional to the sulfur oxidized, and that the reaction proceeds with considerable efficiency. Experiment 4 employed the same cell suspension and conditions as experiment 3, except the following. KOH was supplied to all the flasks. At intervals, the KOH was removed, and the cell suspensions placed under nitrogen. At the end of one hour, the same amount of radioactive C02 was supplied (in N2) as in experiment 3 and a further hour permitted before the C02 was reabsorbed and the filk contents plated for radioactivity. The data obtained are given in figure 2 . The oxidation of sulfur in the absence of C02 permits the cell to fix CO2 under nitrogen at least one hour after the sulfur has been oxidized, and the amount of C02 fixed is proportional to the amount of previous sulfur oxidation. This is the energy storage phenomenon that Baalsrud and Baalsrud (1952) 
